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ubiquitous example of fluid mixing is the Rayleigh-Taylor instability, in which a

heavy fluid initially sits atop a light fluid in a gravitational field. The subsequent
development of the unstable interface between the two fluids is marked by
several stages. At first, each interface mode grows exponentially with time, before
transitioning to a nonlinear regime characterized by more complex hydrodynamic
mixing. Unfortunately, traditional continuum modeling of this process has generally
been in poor agreement with experiment. Here we indicate that the natural,
random fluctuations of the flow field present in any fluid, which are neglected in
continuum models, can lead to qualitatively and quantitatively better agreement
with experiment. We performed billion-particle atomistic simulations with the LANL
SPaSM code and magnetic levitation experiments with unprecedented control of
initial interface conditions. A comparison between our simulations and experiments
reveals good agreement in terms of the growth rate of the mixing front, as well
as the new observation of droplet breakup at later times. These results improve
our understanding of many fluid processes, including interface phenomena that
occur, for example, in supernovae, the detachment of droplets from a faucet, and
inkjet printing. Such instabilities are also relevant to inertial confinement fusion
(ICF), in which a millimeter-sized capsule is imploded to increase pressure and
temperature, and initiate nuclear fusion reactions between deuterium and tritium.
An understanding of the flow in such an imploding capsule is necessary to achieve a
cleaner source of energy than the ordinary fission reactions used in today’s nuclear
power plants. Overall, our results suggest that the applicability of continuum
models would be greatly enhanced by explicitly including the effects of random
fluctuations.
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Fig. 3. Initial conditions. Differences between spikes developing from a flat interface (top
row: experiment, horizontal white bar corresponds to 1 cm; third row: atomistic
simulation) and from an interface perturbed with a single mode (second row: experiment;
fourth row: atomistic simulation).

Experimentally, the interface was
given a single-mode perturbation
by introducing a pair of
sinusoidal, weakly magnetically
permeable wires adjacent to the
magnetically levitated interface.
This perturbation had an
amplitude to wavelength ratio
Ag/2g=0.0030, and the experiment
had an Atwood number A=0.29.
The perturbed atomistic
simulation (A=0.67) had A/
Ag=0.0036.
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The continuum simulations
(24,31) (A=0.5) were started with
a small multimode perturbation
spectrum centered on 0.2 A,
(row 5), a small multimode
perturbation spectrum centered
on 0.2 X\, added to a single
mode (Ay/ Xy=0.0036, row 6), and
a small multimode perturbation
spectrum centered on 0.4 A,
plus a single mode
(Ag/29=0.0036, row 7).

Perturbations initially boost the
growth and introduce some order
to the flow structure. However,
later the influence of
perturbations gets weaker. The
single-mode perturbation was
placed in all cases at ~2 A,
(The atomistic DSMC and
continuum simulation frames
shown here are a small subset of
the whole simulation domain.)
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